I. Introduction
The microbial quality of pharmaceutical products primarily depends on the quality of raw materials, production process, production environment, hygiene of the personnel involved in manufacture and the storage conditions. Not only the presence of pathogenic microorganisms but the presence of relatively high number nonpathogenic microorganisms is also objectionable in pharmaceutical products. The presence of high number of non-pathogenic microorganisms in pharmaceutical products is objectionable for two reasons: firstly, these microorganisms can deteriorate active ingredients and can interfere with the desired activity of the product; and secondly, they can produce some metabolites that may be toxic to the consumer [1] .
Vitamins are a group of organic nutrients, required in small quantities for a variety of biochemical functions that, generally, cannot be synthesized by the body and must therefore be supplied in the diet [2] . The vitamin B complex, one of the water soluble vitamins, is actually a group of 8 (thiamin, riboflavin, niacin or niacinamide or nicotinic acid, pyridoxine or pyridoxamine or pyridoxal, folic acid, cobalamin, pantothenic acid and biotin) vitamins. The members of the vitamin B complex play very important role in various metabolic activities including metabolism of carbohydrates, proteins and fats. Deficiency of the members of vitamin B complex results various symptoms in the human body. For example, thiamin deficiency causes beriberi; riboflavin deficiency results cheilosis, glossits and seborrhea; niacin deficiency causes pellagra; cobalmin deficiency results pernicious anemia, folic acid deficiency leads to megaloblastic anemia, etc. [2] . Vitamin B syrups are aqueous preparations for oral use and usually marketed in non-sterile dosage form.
Escherichia coli, a gram negative aerobic or facultative anaerobic bacterium, is a commensal of human gastrointestinal tract. Virulent strains of E. coli can cause several health problems including gastroenteritis, urinary tract infections, and neonatal meningitis. In rare cases, virulent strains are also responsible for hemolytic-uremic syndrome (HUS), peritonitis, mastitis, and septicemia. During the two decades, several outbreak of gastrointestinal illness have occurred by food borne pathogenic E. coli [3] . E. coli and other members of Enterobacteriaceae are important reservoirs of transferable antibiotic resistance [4] . Some strains of E. coli carry antibiotic resistant plasmids and readily transfer those plasmids to other species. So, the presence of antibiotic resistant E. coli is objectionable in food, water and medicine. In Bangladesh, some works were done on the microbiological quality of antacid suspension produced by pharmaceutical companies [5] [6] [7] but antibiotic resistance pattern of the isolates is not available. Here, we are presenting our findings on the microbiological quality of different brands of vitamin B complex syrups marketed in Bangladesh and antibiotic resistant profile of the isolated E. coli.
II.
Materials and Methods
Sample collection
Fifteen vitamin B complex syrups of 7 companies having different manufacturing date were collected from various retail pharmacy outlets in Dhaka, Bangladesh. For each of the samples, batch number, date of manufacture, date of expiry, dosage form was documented from the label attached to the bottle.
Microbiological analyses
Microbiological analyses included in this study were total aerobic microbial count (TAMC), total coliform count (TCC) and total yeast and mold count (TYMC). For enumeration of the microorganisms, vitamin samples were diluted in 0.9% normal saline. An aliquot from different dilutions were plated onto Nutrient agar (NA) for enumeration of TAMC, on MacConkey agar for TCC and on Sabouraud dextrose agar (SDA) for TYMC. The NA and MacConkey agar plates were incubated at 37 °C for 24-48 h. The SDA plates were incubated at room temperature for 5 days. The characteristic colonies grown on the MacConkey agar plates were isolated and purified for morphological and biochemical study. On the basis of morphological, cultural and biochemical characteristics, 6 isolates were finally identified as E. coli [8] [9] [10] .
Antibiotic susceptibility test
Susceptibility of the isolated E. coli to antibiotics was determined in vitro by employing disc diffusion method [11] and recommendations of Clinical and Laboratory Standard Institute [12] . Available antibiotic disc of ampicillin (10 µg), cefaclor (30 µg), ciprofloxacin (5 µg), kanamycin (30 µg), meropenem (10 µg), streptomycin (10 µg) and tetracycline (30 µg) were used for the test. A portion of E. coli colony grown on nutrient agar medium was inoculated in nutrient broth and incubated at 37°C to obtain a young culture. A cotton swab was dipped in the suspension and the excess fluid was removed by pushing and rotating the cotton swab inside the wall of the tube just above the fluid level. Then the swab was streaked over the surface of MuellerHinton agar to obtain uniform inoculums. Antibiotic impregnated discs were then aseptically placed on the surface of the Mueller-Hinton agar medium with the help of sterile forcep. Each disc was gently pressed down onto the medium to ensure complete contact with agar surface. The plates were inverted and incubated at 37° C. After 18-24 h incubation, the plates were examined and the diameter of the zones of inhibition was measured to the nearest whole millimeter. The E. coli isolates were classified as sensitive or resistant to a particular antibiotic based on the diameter of zone of inhibition.
II. Results and Discussion
The present study was carried out to reveal the microbiological quality of different brands of vitamin B complex syrups marketed in Dhaka, Bangladesh. All the samples were within their shelf-life at the time of investigation. All the products have their manufacturing and expiry dates stated. There was no leakage or crack on the bottles. The microbiological status of the vitamin B syrups examined in this study is presented in Table 1 . The total aerobic microbial count (TAMC) varied between 1.0×10 1 CFU/ml and 6.0×10 3 CFU/ml. Whereas, total yeast and mold count (TYMC) ranged between 1.0×10 1 CFU/ml and 5.3 ×10 2 CFU/ml. Overall, 10 (66. 67%) out of 15 samples exceeded the limit (TAMC ≤10 2 CFU/ml; TYMC ≤10 1 CFU/ml; and absence of E. coli)
of United States Pharmacopeia [13] . Bacterial count more than 10 3 CFU per ml in syrup or suspension was also reported by several researchers [1, 5, 7] . Mugoyela and Mwambete [14] examined non-sterile pharmaceutical products in public hospital settings and reported the presence of heavy microbial contamination in 50% of the products. In a separate study only 5.5% of the vitamin samples were found contaminated with microorganisms [15] . Although, sterility is not a requirement in the official compendia for non-sterile pharmaceutical products, the microbial load of such product should be within the acceptable limit [14] .
In this study, coliform bacteria were detected in two brands of vitamin B syrup ( Table 1) . Some of the colonies formed on the MacConkey agar plates were selected for further study. Based on standard morphological and biochemical tests, 6 of them were identified as Escherichia coli. Presence of coliform bacteria in two samples indicates that fecal contamination of the water might have occurred.
Antibiotic susceptibility test was carried out for the 6 selected E. coli isolates after being confirmed by morphological and biochemical tests. The diameter of zones of inhibition produced by the selected antibiotics against each of the isolates is presented in Table 2 . It is evident that the isolates produces diverse type of zone of inhibition against the antibiotics tested. Antibiotic resistance profile of the isolates is presented in Figure 1 . All of the E. coli isolates were subjected to antibiotic susceptibility test and found resistant to ampicillin (Fig. 1 ). Resistance to ampicillin by 95% of the E. coli isolated from food was also reported by other research group [16] . It is alarming that 2 of the E. coli isolates are resistant to cefaclor. However, none of the E. coli isolates showed resistance against ciprofloxacin, kanamycin, meropenem, streptomycin and tetracycline (Fig. 1) .In Bangladesh, there are several reports on the presence of antibiotic resistant Escherichia coli in natural, household and waste water [ 17, 18, 19] . We speculate that the water used in the syrup preparation might be the source of antibiotic resistant E. coli observed in this study. 
IV. Conclusion
It is evident from this study that two-thirds of the vitamin B syrups are contaminated with huge load of microorganisms and unacceptable on the basis of the criteria set by USP. Furthermore, the presence of antibiotic resistant E. coli in syrups indicates that some of the pharmaceutical companies are not strictly following the rules of good manufacturing practices (GMP) and hazard analysis and critical control point (HACCP). The concerned authorities of Bangladesh must take necessary steps to ensure that the pharmaceutical companies abide by the rules of GMP and HACCP.
